Introduction
During early life, infants usually consume a diet predominantly made up of milk, which is the main source of their protein, energy and minerals. Milk is a complex biological fluid including water (87.3%), proteins (3.2%), carbohydrates, especially lactose (4.6%), fat (3.9%) and a mineral fraction (0.7%). Milk is considered a rich source of some essential trace metals like zinc, but it is poor in copper. A large amount of zinc in a diet interferes with the copper absorption system, resulting in copper deficiency. Cow milk has a low copper content and, therefore, infants exclusively on a milk diet may develop copper deficiency and anemia. [1] [2] [3] The bioavailability of trace elements in infants has been shown to be higher in human milk compared to that in cow milk. [4] [5] [6] [7] Copper from breast milk has a significantly better biological availability than that from the cow milk formula. However, infants need to consume much higher concentrations of mineral trace elements than those found in breast milk. The body can accumulate mineral trace elements and the difference between the essential and toxic levels is very small. The bioaccumulation factor will be greater if the availability of the metal is low. Our knowledge of how infants utilize these nutrients from different diets, excessive intake, and what milk fraction contains these elements (fat, proteins, peptides, etc.) is limited. [8] [9] [10] The bioavailability of copper in the diet is about 65 -70%.
It depends on a variety of factors that include its chemical form, interaction with other metals, and dietary components. The average biological life of copper from the diet is 13 -33 days, with biliary excretion being the major route of elimination.
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Food rather than water contributes virtually all the copper consumed. In biological systems, including water, copper tends to be in the cupric state, although it is also found as Cu(I). Easy release and absorption of one electron is part of the basic chemistry of copper that makes it particularly useful in oxidation-reduction reactions and free radical scavenging. At physiologic pH, there is little or no free copper in solution, especially if chelating agents are available.
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The concentration of copper in breast milk is usually 0.2 -0.3 mg/L 12 with a slight decline during the lactation period. The mother's diet does not appear to affect her milk's copper concentration, 13 although this has not been studied in detail.
In general, copper intake in food and water is almost never harmful to human beings because it is relatively low. Toxic levels are found only in unusual circumstances, such as when children have, accidentally or not, eaten CuSO4 used on some crop, 12, 13 or when food is consistently prepared in vessels that can leach a high dose. 14 For example, preparation of milk formulas in brass receptacles is thought to account for cirrhosis in Indian children. 15 In mammals, absorption of copper probably occurs primarily (or exclusively) in the small intestine, after food digestion in the stomach and duodenum. The excess of copper in the liver is bound to metallothionein. 16, 17 In this paper, we report the evaluation of two types of infant formula milk, one milk type of for adults and a special type of soybean milk as chelating agents for copper. The objective of this study was to determine the complexing capacity of four types of powdered commercial milks with copper(II) using square wave adsorptive stripping voltammetry. Two were types of cow milk adapted for babies under one year (A and B), one was soymilk (C) and the other was normal milk (D). Milk solutions were prepared following the instructions shown on the milk container, and they were mixed with a pepsin solution simulating a baby's stomach conditions (pepsin and salts concentration, pH and temperature). Complexing capacity was determined by titrating milk samples with aliquots of a standard copper solution until the peak current due to solvated or free copper ions was increasing. Assuming a 1:1 copper-milk complex, the apparent stability constant was found using the pseudopolarogram method. The log K′Cu-milk values were 4. until we could observe the metal's free ion. The experimental conditions simulate the gastric juice of stimulated infants (acidity, Cl -, SO4 2-, Na + and K + ). 18 The results obtained with these types of commercial milk were compared.
Experimental

Materials and reagents
Mercury hexadistilled (Radiometer), copper sulfate pentahydrated (Merck), pepsin of porcine stomach mucous (Sigma), sodium chloride, potassium chloride (Merck), ultra pure grade hydrochloric acid (Merck) and methanol (Riedel de Haën) were used. Tap water used to prepare formula milks was taken directly from the pipe system. Four kinds of powdered milk were bought in a supermarket in Santiago. Two were types of cow milk adapted for babies under one year old: a) Nan (A, fat 21.2%, protein 15.9%, carbohydrate 56.8%, fortified with 0.58 mg of copper per 100 g of milk) and b) Nidal (B, fat 26.0%, protein 20.2%, carbohydrate 46.3%, fortified with 0.45 mg of copper per 100 g of milk). One was soymilk, c) Nursoy (C, fat 27%, protein 14%, carbohydrate 53.5%, fortified with 0.084 mg of copper per 100 g of milk). Normal powdered cow milk, d) Nido (D, fat 26.2%, protein 26.3%, carbohydrate 38.6%) not specially treated for infants, was also purchased.
Apparatus
Square wave anodic and adsorptive stripping voltammograms were obtained on an MDE 150 Polarographic Stand (Radiometer Analytical, Lyon, France). The MDE 150 was controlled with TraceMaster 5 PC software. A 10-mL capacity measuring cell was equipped with a hanging mercury drop electrode (HMDE), a reference electrode Ag/AgCl/KCl3M, an auxiliary platinum electrode, a mechanical mini-stirrer, and a capillary to supply an inert gas. All experiments were carried out in an argon atmosphere at 37˚C.
Liquid chromatography was carried out on a Merck-Hitachi (Chiyoda-ku, Tokyo, Japan) chromatograph consisting of L-6000 and L-6250 pumps, a Rheodyne (Rohnert Park, CA, USA) 7125 injector fitted with a 20 μL sample loop, and a LaChrom (West Chester, PA, USA) Model L-7420 UV-VIS detector. Data from the HPLC runs were processed on a Star chromatography workstation software from Varian (Santa Clara, CA, USA). The column used throughout this study was a Supelcosil LC-18-DB (250 × 4.6 mm, 5-μm) from Supelco (Bellefonte, PA, USA). The mobile phase was methanol:water 1:1 at a flow rate of 0.3 mL min -1 . The detector was fixed at 430 nm.
Procedures
Milk samples preparation. The instructions on the commercial powdered milk container were followed to prepare the formula, as this is the procedure followed by the parents. Tap water was boiled for 10 min and emptied into a glass container. Then, five solutions of 200 mL of each powdered milk (28.2 g Nan (A), 25.8 g Nidal (B), 26.0 g Nido (D), and 26.1 g Nursoy (C)) were made and they were mixed with 10.7 mL of pepsin solution at a rate of 30 mL/min approximately. Pepsin concentrations were 0.42, 0.62 and 0.82 g/L to pH of 1.3, 2.0 and 2.5. This solution contained sodium (≈27 mM), potassium (≈15 mM), and chloride ion (≈142 mM). All solutions were kept at a temperature of 37˚C. Distribution of copper in peptides. Fifty-milliliters volume of milk samples were stirred and centrifuged at 3000g for 10 min. The two phases obtained were separated. The supernatant was vacuum filtered through different 0.8 -0.2 μm membrane filters. The precipitated fraction was dried, calcined and then treated with concentrated nitric acid and hydrogen peroxide and heated almost to dryness. The total copper content in this solid fraction was determined by square wave anodic stripping voltammetry (SWASV). The liquid fraction was added to the voltammetric cell and the copper content was determined. An aliquot was injected into a chromatographic column C-18. Complexing capacity obtained with SWASV. A 10-mL volume of milk sample was pipetted into the voltammetric cell; 535 μL of pepsin solution (0.42, 0.62 and 0.82 g L -1 ) in the presence of hydrochloric acid (50, 10 and 3 mM); Na + (≈27 mM), K + (≈15 mM), and Cl -ion (≈142 mM) was added. The solution was purged with argon (saturated with water vapor) for 5 min. Then, after eliminating 5 drops (growth time 0.5 s), a new mercury drop was extruded to initiate the preconcentration for 30 s at 0.050 V vs. Ag/AgCl/KCl3M with a stirring speed of 400 rpm. After a 10-s quiescent period, the potential was scanned between 0.050 to -0.700 V using square wave modulation with 0.005 V step amplitude, 0.025 V pulse amplitude and 0.04 s step duration. Then, aliquots of standard copper solution 170 mM were added with stirring and waiting 15 min before performing the measurements. These aliquots were added until we obtained 4 or 5 values of current due to free or solvated copper. Apparent stability constant obtained with SWASV. A 10-mL volume of milk sample, 535 μL pepsin solution, and 200 μL 170 mM copper standard solution were pipetted into a voltammetric cell. The solution was purged with argon for 5 min. Then, the deposition potential was varied between 0.050 to -0.700 V and was applied for 30 s with a stirring speed of 400 rpm. After a 10-s quiescent period, the potential was scanned between -0.700 to 0.050 V using square wave modulation with 0.005 V step amplitude, 0.025 V pulse amplitude and 0.04 s step duration. The peak current of Cumilk complex was measured as a function of deposition potential. be seen. This peak corresponds to the reduction of the Cu-milk complex. After aliquots of 50 to 600 μL copper solution (170 mM) were added, the intensity of the current peak increased and was displaced to -0.240 V. In curve (4) and for subsequent quantities of copper added, a second peak to -0.135 V appeared. It corresponds to the reduction of uncomplexed or free copper in chloride medium. Figure 2 shows the square wave adsorptive voltammograms obtained for the four milk samples.
Results and Discussion
In a gastric medium there is also a wave for the reduction of the Cu-milk complex. Upon adding copper solution, the current increased and shifted to more negative potentials, indicating complex formation; then the presence of excess copper was observed. The magnitude of this shift depends upon the stability of the complex formed, the pH and the temperature. Figure 1 shows voltammograms of copper-protein complexes and Fig. 2 shows voltammograms copper-peptide complexes. Figures 1 and 2A correspond to the same milk solution (Nan for infants) with and without pepsin, respectively. These curves show that the peptides bound more copper than the proteins and that the peak potential of a Cu-peptide complex is more negative than the peak potential of a Cu-protein complex. Figure 2 shows the presence of "free" copper (peak at ≈-0.040 -0.044 V) at higher concentrations. The results indicate that the best complexing agent is Nido (D) milk (for adults, Fig. 2D ) and the worst complexing agent is Nursoy (C) milk (special milk with soy proteins, Fig. 2C) . A plot of the current peak in relation to the copper added allowed us to determine the milk's complexing capacity with copper. If a greater amount of copper is added it will remain free. Figure 3 shows the plot with complexing capacity of milk samples. Complexing capacity is the copper concentration that must be added to a milk sample before free Cu 2+ (or copper in chloride medium) appears. Copper concentrations obtained were: 4.9, 5.8, 1.1 and 10.1 mM for Nan, Nidal, Nursoy and Nido, respectively.
Because the "ligand" is a complex mixture (proteins and peptides of the milk), it is not possible to obtain its concentration to determine the conditional stability constant (KCu-milk) by traditional methods. In the approximate method for the determination of stability constants, 20, 21 it is necessary to construct a pseudopolarogram and to obtain E1/2 for the electrochemical reaction of the complex.
The pseudopolarogram is obtained by plotting SWASV peak current as a function of deposition or electrolysis potential. Then, log Keq ≅ (E1/2Cu-milk -E1/2Cu-free)× 2/0.059. The E1/2 potential for Cu "free" in chloride medium was obtained from the same voltammograms when excess copper was added to a milk sample. The log KCu-milk values were 4.9, 5.0, 3.0 and 5.1 for Nan, Nidal, Nursoy and Nido, respectively. This method is approximate; however, it will permit comparing which milk is the best to reduce the toxic effect of copper. The stability of the complexes were KCu-Nido > KCu-Nidal > KCu-Nan > KCu-Nursoy.
Due to the colloidal nature of the milk solution, one series of 12 measurements in the electrochemical cell was made. Each measurement was carried out with a different aliquot of 10 mL of Nan milk solution. The values obtained for the potential were -0.212 ± 0.003 V (average ± standard deviation) and the values of the current were 93.27 ± 5.33 nA, with a current sensitivity of the order of pA.
The same reaction was studied with a 200.0-mL volume of milk solution with the corresponding pepsin and copper solutions. The product was centrifuged and then separated with different filters. The first separation was carried out with 3 μm filter paper; the second was carried out initially with a 0. μm cellulose nitrate membrane filter. In the absence of pepsin, the copper ion is bound to milk proteins, whereas after pepsin has acted, the copper ion is bound to the peptides. Milk contains 3 -3.5% protein, 80% of which consists of casein, which is an insoluble protein. Casein was separated by ultracentrifugation. The final aqueous filtrate was scanned with Spectra UV-VIS. This mixture absorbs at 270 -280 nm and 430 -450 nm. A filtered aliquot was injected into the liquid chromatograph, using an absorption detector at 275 nm and 430 nm. The chromatograms obtained with the Nan milk sample are shown in Fig. 4 . This figure shows signals at 6.523, 7.214 and 9.978 min at 430 nm. When copper was added, the signals increased in different proportions. This indicates that the copper was bound to these three peptides. However, the chromatograms obtained with the Nursoy (C) milk solution did not show any changes after copper was added.
The distribution of copper in these type of milk was different. The concentration of copper in the solid fraction was always higher than in the filtered fraction. The solid fraction (probably containing casein and fat) reached 61 -73% of added copper. The Nido milk solid fraction retained 57% copper when the concentration was 0.19 mM. The number of signals and the retention time of the chromatogram indicate that Nan, Nidal and Nido milks contain three different peptides or mixtures and that these were bound to copper. The chromatogram of the Nursoy milk solution showed only two signals. The chromatograms of the milk solution filtered with different size pore (0.8 -0.2 μm) filters presented the same peaks with slightly different areas.
Conclusions
The titration of types of milk with copper in the electrochemical cell was an adequate method for this study. The possibility of replicating is very good. Potential variation was ±0.003 V and current variation was ±5.33 nA. When the milk was mixed outside the cell, in higher volumes and filtrating and separating the different fractions, the values obtained were variable. Milk is a very complex solution; its components present variable solubility and the percentages of copper in these fractions were variable.
The method presented in this study is suitable for comparing types of milk, which are responsible for the bioavailability of copper in infants. On the other hand, the action of pepsin makes it possible to obtain peptides; the complexing capacity of these peptides with copper was higher than the capacity without pepsin. Pepsin (0.42 g L -1 ) hydrolyzes protein contained in 200 mL formula milk. Increasing the pepsin concentration (0.62, 0.82 g L -1 ) changes in complexing capacity and equilibrium constants were not observed.
